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ABSTRACT. Functional response of Telenomus remus Nixon (Hymenoptera, Scelionidae) to Spodoptera frugiperda (J. E. Smith) 
(Lepidoptera, Noctuidae) eggs: effect of female age. Functional response of 24-h and 48-h-old Telenomus remus adults was studied 
on Spodoptera frugiperda eggs. The study was carried out in climatic chamber regulated at 25 ± 1°C, 70 ± 10% RH and 12:12h (L: 
D). Females of  T. remus were honey fed and individualized in glass vials along with 25, 50, 75, 100, 150, 200, 250 or 300 eggs of 
S. frugiperda for 24 h. Complete randomized design with ten replications was adopted. The parameters evaluated to construct the 
functional response curve were daily average parasitism, searching rate and oviposition time. It was observed that the higher the egg 
density, the higher the parasitism for 24-h and 48-h-old females although there was a tendency of parasitism stabilization at 150-egg 
density. The results showed a type II functional response curve for both 24-h and 48-h-old female.
KEYWORDS. Biological control; fall armyworm; oviposition time; parasitoid; search rate. 
RESUMO. Resposta funcional de Telenomus remus Nixon (Hymenoptera, Scelionidae) sobre ovos de Spodoptera frugiperda (J. 
E. Smith) (Lepidoptera, Noctuidae): efeito da idade da fêmea. A resposta funcional de fêmeas de Telenomus remus com 24 h e 48 
h de idade foi observada em ovos de Spodoptera frugiperda. O experimento foi conduzido em câmara climatizada regulada a 25 ± 
1°C, 70 ± 10% UR e fotofase de 12h. As fêmeas de T. remus foram alimentadas com mel e mantidas individualmente por 24h em 
tubos de vidro que continham 25, 50, 75, 100, 150, 200, 250 ou 300 ovos de S. frugiperda. Foi adotado o delineamento experimental 
inteiramente casualizado com 10 repetições. Os parâmetros avaliados para a construção da curva de resposta funcional foram o 
parasitismo médio diário, a taxa de busca e o tempo de oviposição. Foi observado que com o aumento da densidade de ovos também 
cresce o parasitismo em fêmeas com 24 h e 48 h de idade e que há uma tendência de estabilização do parasitismo na densidade de 
150 ovos/fêmea. Os resultados mostraram uma curva de resposta funcional do tipo II para fêmeas de T. remus com 24 h e 48 h de 
idade.
PALAVRAS-CHAVE. Controle biológico; lagarta-do-cartucho; parasitóide; tempo de oviposição; tempo de busca.
Telenomus remus Nixon is an exclusive parasitoid of 
lepidopterous pests and several studies have been conducted 
worldwide to evaluate the efficiency of this natural enemy on 
Spodoptera frugiperda (J. E. Smith) eggs (Joshi et al. 1976; 
Gupta & Pawar 1985; Cruz & Figueiredo 1994; Morales 
et al. 2000). The parasitism of T. remus on S. frugiperda, 
S. latifascia (Walker), S. exigua (Hübner) and S. eridania 
(Cramer) under laboratory conditions varied from 80 to 100%, 
according to Wojcik et al. (1976). In Venezuela (Hernández et 
al. 1989) and other Central American countries (González & 
Zocco 1996; Cave & Acosta 1999; Cave 2000), studies have 
shown that T. remus can cause up to 90% of parasitism in 
S. frugiperda eggs, releasing 5,000 to 8,000 parasitoids/ha. 
Also in Venezuela, Ferrer (2001) reports the use of T. remus 
combined with Trichogramma pretiosum Riley (Hymenoptera, 
Trichogrammatidae) to control fall armyworm infestations in 
1,600-ha maize field. This program caused 34% reduction in 
insecticide use.
In Brazil, the insect was first introduced in the mid 1980’s 
aiming at evaluating its efficacy to control fall armyworm in 
a classical biological control program. Despite that, very few 
studies have been conducted to evaluate the performance of 
T. remus under local conditions. However, as Cave & Gaylor 
(1989) highlighted, it is very important to study Telenomus 
species because they are parasitoids with great biological 
control potential.
Studies on the interaction of this natural enemy and its 
host, as the functional response, for instance, can be helpful 
in integrated pest management programs, once this facilitates 
to determine predation/parasitism dynamics of a natural 
enemy. Response to prey density can affect survivorship 
and fecundity and, therefore, the intrinsic rate of increase 
as stated by Hassel (1978). As this parasitoid has been mass 
reared on fall armyworm eggs for many years, the evaluation 
of functional response is necessary prior to any release.
The study carried out by Morales et al. (2001) in 
Venezuela evaluated only the functional response of 24-
hour-old females and adopted polynomial regression to 
express it which is not appropriate to model the relationship 
between predation/parasitism rate and prey/host densities. 
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All functional response curves proposed by Holling (1959) 
stabilize at a certain predation/parasitism rate level, which is 
related to the maximum number of preys/hosts attacked per 
time unit. However, polynomial regression does not allow 
the determination of such a level. Thus, although it is easy to 
calculate, it is not helpful.
Several factors can affect the development of natural 
enemies. Among those factors, the most important is the 
density and the behavioral characteristics of the predator/
parasitoid and prey/host (Holling 1961). When such factors 
are evaluated through mathematic models as suggested by 
Holling (1959), three different types of functional responses 
can be obtained, represented by discrete curves (Van Alphen 
& Jervis 1996).
The type II curve is more often related to systems involving 
arthropods, including predator and parasitoid insects (Cave & 
Gaylor 1989; Garcia 1991), although type III curve is often 
observed for egg parasitoids (Wang & Ferro 1998; Reay-
Jones et al. 2006). The main characteristic of the type II 
functional response is a gradual increase of consumed preys, 
due to their greater availability, up to a density in which there 
is stabilization in the consumption rate (Hassel 1978; Hassel 
et al. 1997). Type II curve is a hyperbola that differentiates 
from the other types by presenting a gradual increase in the 
number of the eaten preys (Van Alphen & Jervis 1996) or 
parasitized hosts.
Below is the disk equation as suggested by Holling:
Na = (a* Tt *N)/ (1 + a * Th * N) (1)
In which: Na = number of eaten preys/parasitized hosts, a 
= predator/parasitoid searching rate, Tt = total exposure time, 
N = prey/host density, Th = handling/oviposition time.
The ability of predator females to search and attack hosts 
is a determinant factor to define its population size in a given 
area, while changes in foraging behavior can be responsible 
for success or failure of biological control programs (Lewis et 
al. 1990). Therefore, since functional responses can represent 
key factors in selecting natural enemies for a biological control 
program (Lester & Harmsen 2002), the present study aimed at 
demonstrating, by using the curves obtained from the Holling 
equation, how the T. remus egg parasitoid responds to the 
increase in the density of the eggs of S. frugiperda. Moreover, 
it was intended to demonstrate the effect of parasitoids’ age 
in its functional response and, therefore, the feasibility of 
releasing older females in biological control programs.
MATERIAL & METHODS
Daily Average Parasitism. The experiment was conducted 
with the following S. frugiperda egg densities: 25, 50, 75, 
100, 150, 200, 250 and 300 eggs. In order to obtain such 
densities eggs were counted multiplying the number of eggs 
in the superior layer by the number of deposition layers of 
each egg mass. The number of eggs on the edges was added 
to the total (Beserra & Parra 2005).
Ten parasitoid females were used for each egg density. 
The females were placed in glass tubes (8 cm height x 2 cm 
diameter) individually, and oviposition was allowed for 24 
hours. The procedure was performed with 24 and 48 hour-old 
T. remus females without previous egg laying experience. All 
females were fed with small drops of honey placed on the 
internal walls of the tube.
During the experiment, the tubes containing females and 
S. frugiperda eggs were kept in a controlled environment 
chamber at 25±1°C, RH 70±10% and 12 h of photophase. 
Newly hatched larvae were counted and withdrawn from 
the tubes with a brush so they would not be able to feed on 
parasitized eggs. Such observations were performed in the first 
four days after oviposition at 12-hour intervals. Parasitoids 
that emerged from the remaining eggs were counted after 
death, and sexed under stereoscopic microscope (Zeiss Stemi 
V6, Germany).
Oviposition time and searching rate. To determine 
oviposition time, 20 T. remus females from each of the 
treatments (24 and 48 hour-old individuals) were placed in 
Petri dishes (1 x 8 cm diameter) individually and exposed 
to approximately 100 S. frugiperda eggs. The time females 
were in contact with an egg was measured and all parasitoid 
activities were videotaped for time checking. During 
observation, the females were kept in a room with controlled 
temperature and humidity (25±1°C, RH 70±10%).
The searching rate was calculated as described by Cave & 
Gaylor (1989) and Morales et al. (2001), in which the number 
of parasitized eggs is divided by the total number of eggs 
exposed to the parasitoid.
Statistical Analysis. The experiment was arranged in 
completely randomized design and data were submitted to 
ANOVA. Means were compared by the Tukey test (P≤0.05). 
The Holling equation (1) was used to build the functional 
response curves. However, a model which incorporates 
depletion (host depletion in our case) was also used to analyze 
the functions according to Juliano (2001). This analysis was 
performed using PROC CATMOD (SAS Institute 2004).
RESULTS
Oviposition Time, Daily Mean Parasitism and Searching 
Rate. T. remus females did not show significant difference 
on oviposition time regardless age (df= 2; F= 12.07; P 0.05). 
Twenty-four-hour-old females spent 40.6 sec/egg (36.0 – 42.0 
s/egg), whereas 48-h-old females spent 41.3 sec./egg (34.0 – 
45.0 s/egg), on average.
The mean number of eggs parasitized by T. remus females 
increased with higher egg host densities, and stabilized at and 
beyond the density of 150 eggs (Table I). It can be observed 
that the age was not a major factor influencing the searching 
rates as the egg density. T. remus showed a decrease in the 
searching rates beyond the density of 150 eggs (Table I).
Sex Ratio. There was an increase tendency towards females 
in the progeny of T. remus as the age of female parasitoids 
increased (Table II), indicating that female age affects the 
sex ratio in the progeny. However, there is no influence of 
host density on the proportion of males and females in the 
progeny.
Functional Response. The results for 24-h and 48-h-old T. 
remus females allowed the adjustment of a Type II and Type 
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III functional responses, respectively, as suggested by Holling 
(1959). Despite the type, the stabilization of parasitism rate 
became evident at densities of 150 eggs and higher (Figs. 1 
and 2).
DISCUSSION
The average oviposition time from several species of 
Telenomus, including T. remus is about 43 s (Cave et al. 
1987), which is very close to the time found in the present 
study (40,6–41,8 s). Not many experiments have studied 
T. remus oviposition time, but Schwartz & Gerling (1974) 
conducted a study to evaluate the oviposition time of 24-
hour-old females of that species using Spodoptera litorallis 
(Boisduval) (Lepidoptera, Noctuidae) eggs as host. These 
authors reported a mean time of 37 s/egg, which is close to the 
results observed even though a different host was used. Host 
recognition and handling is the key for successful parasitism, 
especially in host-specific parasitoids (Cave et al. 1987). 
The manner females handle host eggs and the time they take 
are directly related to the number of parasitized eggs. They 
represent the most important factors in functional response 
(Tillmam 1996).
The increased parasitism with higher egg host densities 
was also observed by Morales et al. (2001) studying T. remus 
24-hour-old females, although these authors reported lower 
parasitism and searching rates at lower densities.
The age was not a major factor influencing the searching 
rates as the egg density was. This was explained by Rogers 
(1972), who noticed that the higher the host availability, the 
lower the searching rate of parasitoids, especially those which 
massively attack eggs, as T. remus.
According to Holling (1961), the host exposition time 
to the parasitoid, the oviposition time and the searching rate 
influence the functional response and these are essential 
parameters in behavior analysis. Therefore, these parameters 
should be obtained to enhance the information on a natural 
enemy’s behavior and increase its efficacy (Fernandez-Arhex 
& Corley 2003), although functional response should not be 
taken into account alone to determine a potential species to be 
used in biological control programs (Lester & Harmsen 2002; 
Fernandez-Arhex & Corley 2003).
Insects belonging to the family Scelionidae usually attack 
hosts that deposit eggs masses and the progeny of these species 
presents a predominance of females (Gauld & Bolton 1988). 
Besides, the sex ratio depends on the searching capacity of 
the females and its energy reserves (Rogers 1972).
Morales et al. (2000) demonstrated that 24-hour-old T. 
remus females exposed to S. frugiperda eggs produce 1 male 
for each 5.4 females and this ratio changes with parasitoid 
age. That is because females with up to 48 h of age produce 1 
male for each 7.2 females, with an increase in the number of 
males starting from the third day (72 h of age). The same has 
been demonstrated by Schwartz & Gerling (1974) studying 
biological aspects of T. remus on S. litura, who verified that 
48-hour old T. remus females produce more females.
It would be therefore advisable that T. remus is kept in 
laboratory for at least 48 h after hatching before releasing 
parasitoids, so a higher number of females would be produced 
in the next generation. However, it must be considered that 
Fig. 1. Functional response of 24-h T. remus females on S. frugiperda eggs. 
Na = number of parasitized eggs/day [A]. Proportion of parasitized eggs/ 
available eggs (a’) and egg density [B].
Fig. 2. A. Functional response of 48-h T. remus females on S. frugiperda 
eggs. Na = number of parasitized eggs/day [A]. Proportion of parasitized 
eggs/available eggs (a’) and egg density [B].
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older adults would be released, and studies should be carried 
out to evaluate the influence of T. remus age on its field 
efficiency as a biological control agent.
Morales et al. (2001) also demonstrated that T. remus has a 
parasitism stabilization tendency at densities of 150 host eggs 
and higher. However, this stabilization was not so evident 
and authors have not demonstrated the Type II functional 
response through Holling’s equation or any other more 
accurate method, but using polynomial regression analysis. 
The method used by the authors does not consider oviposition 
times and sex ratio, and uses absolute parasitism numbers. 
Therefore it does not characterize the functional response of 
the parasitoid, but solely the daily mean parasitism (Fan & 
Petitt 1994; Tillmam 1996).
The tendency shown in the present study supports the 
observations of Holling (1959, 1961), who suggested the use 
of functional response studies as tools for better understanding 
predator-prey dynamics and not as parasitism capacity indices. 
The stabilization at the 150-egg density is confirmed in spite 
of the changes in S. frugiperda egg densities and time for 
oviposition, because according to Holling (1961) parasitoids 
are less attracted for oviposition under high host densities and 
this may reflect in functional response curves.
From the analysis of our results it can be concluded that 
24-h and 48-h-old T. remus females have effective parasitism 
at low host densities and are able to continue oviposition 
when there is high S. frugiperda egg density. According to 
Huffaker & Messenger (1976), these properties are ideal for 
an efficient natural enemy in biological control programs. 
Also, parasitoids are more commonly associated to type II 
functional response than to type III. However, we noticed that 
the age of an insect can interfere in such aspect. Therefore, 
this affects the rate of parasitism under low range of host 
densities; although this might not be of practical importance 
for biological control (Mills & Lacan 2004).
The study of basic aspects of parasitoid-host interaction, 
as the functional response, searching rates and handling time 
has major importance, since it can contribute to studies on 
the impact of T. remus on S. frugiperda population dynamics. 
Moreover, in biological control programs that may use 
this natural enemy in the future, our data will be useful in 
calculating at which pest density the parasitoid should be 
released and which is the behavior of T. remus under host 
population changes.
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